Abstract. Using the finite element method conducted research of technology and established parameters of hot forming hollow products of alloy V93pch with required treatment of metal structure by plastic deformation to provide the mechanical properties in
Introduction.
Recently, for the manufacture of articles with high reliability and durability during hot forging are standing problems performing the necessary treatment of the metal structure throughout the volume of the product or parts of the volume by plastic deformation. This treatment provides the specified mechanical properties of articles. Methods and thermomechanical parameters of forging on hammers and hot forming on presses of articles from ferrous metals and alloys, including high-strength aluminum alloys are considered in [1] . For operations like setting, drawing, piercing, bending are listed elements of forgings design and design of deforming tool. The focus is on obtaining the required shape of articles. In [2] gave recommendations, and examples of design of technological processes and stamping tooling for forging of articles at different press-forging equipment. Also presented especially hot forging parts of different shapes of non-ferrous alloys. In all the above sources, the information based on the experimental data and production experience, and focuses on achieving the desired shape by hot forming of articles. Virtually no recommendations for forming of pats for achieving the specified mechanical properties in deformed metal.
For the improvement of existing and development of new technological processes of forging are now using computer simulation using the finite element method (FEM). Simulation allows you to set the process parameters and to determine the data for the design of stamping tooling, which do not require rework experimental studies [3, 4] . In [5, 6] with the FEM computational studies conducted during hot rolling the cylindrical workpieces and forging of axisymmetric workpieces and stamping of axisymmetric details of the required shape. In the sources [7] [8] [9] are given the possibility of obtaining by forging and hot stamping the responsible products from steels with the treatment of the structure of the metal by plastic deformation and the achievement of the necessary distribution of deformations in the bulk of products. The authors of these studies have shown that the treatment of structure can be evaluated from the finite distribution of the strain intensity in the deformed workpieces. Relevant tasks are to hold similar computational and experimental researches of hot forging parts of high strength aluminum alloys.
Purpose. Purpose of this work is to define the parameters and development of technology of hot forming of hollow articles made of high-strength aluminum alloy V93pch with a given treatment of the metal structure for all height of the wall by plastic deformation.
Sketch of hollow articles made of high-strength aluminum alloy V93pch shown in Fig. 1 . The article has a removable wall thickness and a bottom part with a constant thickness. In the wall of the product is necessary to provide the given treatment of metal structure by plastic deformation to obtain the required mechanical properties of deformed metal after heat treatment. One of the methods to obtain such products is ironing of the hollow workpiece in a conical die. By selecting the shape of the original workpiece and size of wall thinning in forming by drawing can achieve a desired treatment of metal structure by plastic deformation.
Determining the shape and size of the initial workpiece and parameters of hot forming technology performed by computer simulation using the finite element method and using the program DEFORM. There are subjected to deformation the workpieces of aluminum alloy V93pch, that obtained by injection. Punching interval according to the recommendations of [1] for this alloy is 430 о -350 о С. The speed of deformation o V =7 mm/sec and the friction coefficient  =0,15 selected from the conditions for further experimental studies on a hydraulic press DB2436 using a lubricant for hot forming at temperatures up to 450°C LOCTITE 8191 on the basis of molybdenum disulphide. By modeling was necessary to set the preheating of the deforming tool to provide the required stamping interval. The simulation results are given for the specified shape and size of the initial workpiece, which provide the necessary treatment of metal structure by plastic deformation and specified mechanical properties in the wall of the hollow article after further heat treatment. Calculated sizes and shape of the initial workpiece shown in Fig. 2 . The calculated position of the deforming tool in the section shown in Fig. 3 . Fig. 3a shows the position at the beginning of forming. The initial workpiece 1 is set in the die 2 with a conical deforming surface for ironing. In the die 2 has a plate 3 for forming the bottom part of the product. Deformation perform by punch 4. Position of the deforming tool at the end of forming shown in Fig. 3b . Move the the punch 4 during forming for obtaining the product 5 is 66 mm. Ejection from the fixed die of product 2 is performed by moving up the plate 3 ( Fig. 3c) . Forming's force modes and ejection of product shown in Fig. 4 . Fig. 4a shows the dependence force of deformation of moving the punch. At the stage of forming the workpiece by ironing first increases stress and reaches a maximum value of 180 kN while moving the punch 30 mm, and then the force is reduced to 25 kN at the end of the drawing. Then, the deformation force increases when forming the bottom part of the hollow article starts and reaches 1400 kN at the end of forming. Dependencies axial and radial forces on the die of movement the punch shown in Fig. 4b . First axial force increases and is maximum at 28 mm of movement the punch, and then decreases to a minimum value 19 kN at the completion of ironing and increases to 1390 kN at the end of forming. The dependence of the radial force of the punch movement is similar to the dependence of the deformation force. The force has two peaks. One of them value of 510 kN obtained in step of ironing, and the other -1400 kN at the end of forming. Modeling also determined the dependence the force of ejection the products from the die of moving the plate after forming (Fig. 4c) . The maximum value 40 kN is obtained at the beginning of ejection and then decreasing until the moment of out the product from the die. These data were used in the selection of pressing equipment and designing die equipment.
The sequence of forming the products with a temperature distribution in deformed workpiece shown in Fig. 5 . Thin lines indicate the portion of the punch and die. Fig. 5a shows the position when moving the punch is 20 mm. Workpiece is deformed by the conical part of the die and performed the bulging and bending of bridge. During deformation of 3 seconds in the deformed workpiece formed three areas with different temperatures. In the area of the wall temperature decreases from 430 о to 410 о С, and bridge -to 426 о С and 418 о С. When moving the punch 40 mm (Fig. 5b) The treatment of the metal structure by plastic deformation is possible to estimate by distribution of the intensity of deformation i  in terms of the product after forming, which is shown in For the design of stamping tooling is necessary to have a specific allocation of force into deforming tool. Fig. 7 shows the distribution of the normal stresses on the surfaces of the punch and die which are in contact with the deformed workpiece and appear at maximum force of forming. Maximum of these stresses is 160 MPa on the punch, on the die -120 MPa.
By results of modeling is designed and manufactured for hot forming stamp. Construction and photo of stamp on a hydraulic press DB2436 with 4MN force are shown in Fig. 8 . Construction of stamp is shown in Fig. 8a . The stamp consists of a bottom plate 1 a round shape and grooves for mounting on the press table, in which installed the plunger 2. On the bottom plate 1 is placed die 3 and plate 4 with the guide ring 5. Die 3 fixed by ring 6 and bolts 13. The punch 7 is located in the punchholder 8. Punchholder 8 fixes the punch 7 with base plate 9 to an intermediate plate 10 by bolts 14. In the intermediate plate 10 screwed four studs 11. On studs set upper plate 12 and secured by bolts 15. Photo of stamp on a hydraulic press DB2436 is shown in Fig. 8b . Before stamping, in accordance with the calculated data, the punch 7, the die 3 and the plate 4 heated to 360°C by the gas burner. The initial workpiece coated with lubricant LOCTITE 8191 warmed up in an oven to 430°C and installed into the die 3. During the move of press's slider down occurs forming of hollow product. The experimental value of the deformation's force 1298 kN was determined by the pressure gauge of the press. The discrepancy with the calculated value was 8%. The initial workpiece and the product after hot forming shown in Fig. 9 . Fig. 9a shows a photo of the initial workpiece. View of product from the hollow shown in Fig. 9b. Fig. 9c is a view of the product from the bottom part.
As mentioned above, except that the shape and dimensions of the product, it was necessary to obtain predetermined mechanical properties in the wall of the product. After forming was performed the heat treatment of product, the essence of which consisted in hardening and artificial aging. For the tensile test, three standard samples were cut from the product wall. The table shows the test results of the strength limit ( â  ), conditional yield strength ( 0,2  ), relative elongation (  ) and hardness (НВ). The table also shows the data according to the drawing requirements.
The results are consistent with the specified requirements. Conclusions. Modeling by finite element method were determined parameters of hot forming the hollow product of aluminum alloy V93pch with required treatment of metal structure by plastic deformation to provide the mechanical properties in the wall of product after heat treatment. By modeling were determined the shape and dimensions of the initial workpiece, temperature heating of the deforming tool, forming's force, the force of ejection the product from the die, the normal stresses on the deforming tool, temperature change of metal during forming, the stress-strain state of workpiece, the final shape and dimensions of the product. According to the results of the settlement analysis is designed and manufactured stamp for hot forming and experimental studies on a hydraulic press. Submitted tensile tests of standard samples that are cut from the wall of the product after the heat treatment. There are identified relative yield strength, strength limit, relative extension and hardness. The test data meet the requirements of the mechanical properties of the metal in the wall of the article. 
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